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摘  要 
I 
 





大鼠的肾功能保护机制以及深海沉积微杆菌 YLB-01 耐受高压低温的分子机制。  
糖尿病肾病(DKD)发病机制尚不完全明确。最近的研究表明 GLP-1 类药物（如
Exendin-4）可能通过改善代谢来抑制 DKD 的发生发展，但其作用机制并不明确。为了
揭示 Exendin-4 保护 DKD 大鼠肾功能的分子机制，我们用基于 NMR 技术的代谢组学
方法分析 Exendin-4 对 DKD 大鼠模型的肾功能的保护机制。首先，我们构建 DKD 大鼠
模型，并对其肾脏组织萃取液进行代谢组学分析，发现 Exendin-4 给药后的大鼠（Ex-
DKD 组）代谢模式呈现向正常对照组（NC 组）恢复的趋势，提示 Exendin-4 有保护 DKD





代谢角度解释了 Exendin-4 保护 DKD 大鼠肾功能的代谢调控机制。 
深海是以高压和低温为主要特征的极端环境，多数耐压性微生物兼具耐低温性。沉











































Nuclear magnetic resonance (NMR)-based metabonomics approach is a newly emerging 
“omic” discipline with the integration of NMR technique and pattern recognition analysis. It 
can been widely used in the early diagnosis and pathological mechanism of disease, efficacy 
evaluatio of drugs, mechanism of extremophiles adapation to environmental stress. In this work, 
we applied NMR-based metabonomics analysis to reveal the renoprotective mechanism of 
Exendin-4 (glucagon sample peptide-1 analog, GLP-1 analog) on DKD (diabetic kidney 
disease) rats, and the adaptive molecular basis of deep-sea Microbacterium YLB-01 to high 
pressure and low temperature. 
The pathogenesis of DKD is not yet clear. Recent studies have shown that GLP-1 analogs 
could suppress the occurrence of DKD by improving the metabolism.To investigate the 
renoprotective mechanism of Exendin-4 on DKD rats, we built a rat model of DKD and used 
NMR-based metabonomics to compare metabolic patterns of the NC, DKD and Ex-DKD 
groups. Multivariate analysis demonstrated that the metabolic profile of Ex-DKD group was 
restored toward to the normal control group, indicating that Exendin-4 had the renoprotective 
effect on DKD. Biochemical and histopathological results showed that Exendin-4 had 
obviously improved the renal function of DKD rats. In DKD stage, high sugar accumulation 
induced damage in kidney, and the glycolysis, lipid and ketone body metabolism, BCAAs 
metabolism, and oxidation stress were increased. Our study indicated that Exendin-4 treatment 
caused down-regulation of those metabolic pathways. Besides, Exendin-4 ameliorated DKD 
symptoms by increasing glucose transport for glycogen synthesis, TCA cycle anaplerotic flux, 
energy metabolism. This work revealed the metabolic regulation mechanism of Exendin-4 on 
DKD rats. 
High pressure and low temperature are main features of deep-sea extreme environment. 
Most of high-pressure resistant microbes also have cold resistance. Microbacterium YLB-01 
was isolated from a sediment sample collected at 2327 m water depth in the south-west Indian 
Ocean. Strain YLB-01 is an ideal material for researching the adaption of microbes to deep-
sea environment. Taking deep YLB-01 as a model, we used NMR-based metabonomics method 
















stages by simulating the deep- sea environment culture conditions (high pressure, low 
temperature). The study found that high pressure or low temperature treatment caused 
significant changes in both logarithmic and stationary phases of YLB-01. The characteristic 
metabolites showed similar changed trend under environmental stress, implying YLB-01 in 
different growth periods possibably had similar adaptive adjustment to high pressure and low 
temperature, while the low-temperature adaptability of YLB-01 in different growth periods was  
different.We found that high pressure and low temperature influenced the metabolic state and 
growth process, mainly via altering energy associated metabolism, active osmotic regulation, 
oxidative stress, amino acid metabolism.  
 
Keywords: metabonomics, NMR, diabetic kidney disease, Exendin-4,  


















缩写 英文 中文 
GLP-1 glucagon-like peptide-1 胰高糖素样多肽-1 
DM diabetes mellitus 糖尿病 
T2DM type 2 diabetes mellitus 2 型糖尿病 
DKD diabetic kidney disease 糖尿病肾脏病 
GFR glomerular filtration rate 肾小球滤过率 
ESRD end stage renal disease 终末期肾衰竭 
IR insulin resistance 胰岛素抵抗 
AGE advanced glycation end products 糖基化终产物 
DPP4 dipeptidyl peptidase 4 二肽基肽酶 4 
STZ Streptozotocin 链脲佐霉素 
BUN blood urea nitrogen 血尿素氮 
CREA Creatinine 血肌酐 
UmAlb microalbuminuria, 尿微量白蛋白 
TG triglyceride 血清甘油三酯 
TC total cholesterol 血清总胆固醇 
LDL-C low density lipoprotein-cholesterol 低密度脂蛋白胆固醇 
HDL-C high density lipoprotein-cholesterol 高密度脂蛋白胆固醇 
HbA1c glycoseylated hemoglobin 糖化血红蛋白 
NMR nuclear magnetic resonance 核磁共振 
PCA principal component analysis 主成分分析 
PLS-DA 




orthogonal partial least squares projection to latent 
strructures-discrimant analysis 
正交偏最小二乘判别分析 
PUFA polyunsaturated fatty acids 多不饱和脂肪酸 
RPT response permutation testing 响应排序检验 
TCA tricarboxylic acid 三羧酸循环 
BCAA branched chain amino acid 支链氨基酸 
NAD+ nicotinamide adenine dinucleotide 烟酰胺腺嘌呤二核苷酸 
NADP+ nicotinamide-adenine dinucleotide phosphate 烟酰胺腺嘌呤二核苷酸磷酸 
AMP adenosine triphosphate 二磷酸腺苷 
GTP guanosinetriphosphate 三磷酸鸟苷 
UMP uridine monophosphate 尿苷一磷酸 
UDP-glucose uridine diphosphate glucose 二磷酸尿苷葡糖 
UDP-glucuronate uridine diphosphoglucuronate 尿核苷二磷酸葡萄糖醛酸酯 
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